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Objective: To evaluate the effectiveness of a preseason physical training programme that taught landing
and falling skills in improving landing skills technique and preventing injury in junior elite Australian
football players.
Methods: 723 male players who participated in an under 18 elite competition were studied prospectively
in a non-randomised controlled trial over two consecutive football seasons. There were 114 players in the
intervention group and 609 control players. The eight session intervention programme taught players six
landing, falling, and recovery skills, which were considered fundamental for safe landing in Australian
football. Landing skills taught in these sessions were rated for competence by independent and blinded
assessors at baseline and mid-season.
Results: Evaluation of landing skills found no significant differences between the groups at baseline.
Evaluation after the intervention revealed overall improvement in landing skills, but significantly greater
improvement in the intervention group (z = 27.92, p = 0.001). Players in the intervention group were
significantly less likely (relative rate 0.72, 95% confidence interval 0.52 to 0.98) to sustain an injury during
the season than the control group. In particular, the time to sustaining a landing injury was significantly
less for the intervention group (relative rate 0.40, 95% confidence interval 0.17 to 0.92) compared with
the control group.
Conclusions: Landing and falling ability can be taught to junior elite Australian football players. Players in
the intervention group were protected against injury, particularly injuries related to landing and falls.

A
ustralian football is a popular participant and spectator
sport in its country of origin.1 The game is characterised
by high speed running in conjunction with rapid

directional change, frequent player collisions, and competi-
tion for possession of the ball in the air, creating the risk of
injury both mid-air and on landing. A high incidence of
injury is reported in Australian football player populations.2 3

Injury data from adult football codes, including rugby,
soccer, and Australian football, have shown that a large
percentage of injuries occur as a result of landing and falls.4–8

Similarly, in junior athletes, two studies that included
football players reported that ‘‘landing badly’’ was the most
common (31% and 46%) mechanism of injury.9 10

Injury prevention studies have shown that it is possible to
teach landing techniques11 and that physical training
programmes can reduce injury incidence.12 Together, these
studies provide impetus for investigating an injury preven-
tion strategy at the elite junior level of football with a focus
on landing skills. The aim of this prospective controlled trial
was to teach landing and falling skills to elite junior football
players, and to evaluate the effect of the programme on
landing skill performance and the injury profile of this
population.

MATERIALS AND METHODS
Participants
Sixteen teams from the elite under 18 national football
competition in Australia were invited to participate in this
pilot study. The study was approved by the university human
ethics committee. Before participation, informed written
consent was obtained from all participants and their parent
or guardian.

The study was conducted over two seasons (2002 and
2003). Each season consisted of 18 matches, and each week,

22 players from the squad were chosen to compete for each
team.

Three teams opted to receive the landing and recovery
training programme (intervention teams) and the remaining
13 teams who did not receive the intervention completed
normal training and competition and thus formed the control
group. There was no randomisation of teams into interven-
tion and control teams. One team chose to receive the
intervention in 2002, and the 2002 injury data were included
in the intervention group. This team chose not to receive the
intervention in 2003. Owing to the age restrictions of the
competition, only 19 players from 2002 continued in 2003.
However, to avoid contamination, the data for these 19
players were excluded. Data for the remaining players in this
team who played in 2003 who had not received the
intervention were therefore able to be included in the control
group. No player was included in the study for more than one
year.

Intervention
The intervention13 consisted of eight 30 minute sessions
delivered weekly as part of team preseason training. Six
landing, falling, and recovery skills (prone fall, backward fall,
left and right sideways rolling, two foot landing, and back

Table 1 Anthropometric data comparing
intervention and control groups

Intervention
group (n = 114)

Control
group (n = 609)

Height (cm) 182.2 (6.5) 182.5 (6.9)
Weight (kg) 75.6 (6.5) 76.7 (8.8)
Age (years) 17.0 (2.5) 17.0 (2.6)

Values are mean (SD).
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shoulder roll) were taught. The skills were initially performed
indoors on mats, and then incorporated into game situations
on the football field. No injuries occurred during the
implementation of the intervention programme. There was
no record of attendance at intervention sessions, but, as
players were expected to maintain a high level of commit-
ment at this level of competition, they are likely to have
attended most sessions. Preseason training is consistent
across teams at this level, consisting of three sessions a week,
each of two hours duration, and includes aerobic endurance
activities, weight training, and skill acquisition.

Skill evaluation
To examine the effect of the intervention on the skills, a
subset of football players from the intervention and control
groups were videotaped completing the six skills before and
after the intervention. Testing conditions were standardised.
Players completed the skills indoors and received standar-
dised instructions and a demonstration of each skill before
testing. Players did not receive feedback on their perfor-
mance, nor were they permitted subsequent attempts.

Each player’s performance of each skill was scored by two
independent expert assessors who had extensive experience
in gymnastics and landing techniques, and who were blinded
to the allocation of the players to the arms of the controlled
trial. The assessors rated the skills (of both intervention and
control players) on a scale of 1–5 (1, skill not evident; 2, some
evidence of the skill; 3, average skill; 4, skill evident; 5,
consolidated skill.) Objective guidelines were provided to the
raters according to factors specific to each skill, including
point of contact, force dissipation over time, range of motion
used to absorb force and maintenance of body form
throughout the skill, and ability to recover balance.

Injury data
Injury and game exposure data were collected for each player
for the 2002 and 2003 seasons. An injury was defined as any
incident occurring during a football game or training session
that resulted in a player missing one or more elite
competition games.14 Injuries were defined as mild (one
week duration), moderate (two weeks), and severe (three
weeks or more) to be consistent with the senior Australian
football data collection.

A standardised injury sheet was completed by club medical
personnel (team doctor, physiotherapist, or sports trainer).
This sheet recorded the body part injured, how the injury
occurred, the type of injury sustained, the date of injury, the
quarter of match play in which the injury was sustained (if
relevant), protective equipment worn, and treatment
obtained.

Player participation in football (exposure) was monitored
using a tool termed a player movement record. Each week,
whether players were competing for their elite competition
team, their local club, or their school, or if they were injured,
ill, suspended, or absent for another personal reason was
recorded. Participation in training sessions during the season
was not recorded for pragmatic reasons. The player
movement record was completed by a club official and

documented game participation and reasons for absence for
all players at each club. It was used to cross check with the
injury forms to ensure that a form was completed for all
injuries meeting the injury definition.

Data analysis
All data were analysed using SPSS (version 11.0). Heidt et al12

conducted a physical training intervention in a cohort of
soccer players and showed a reduction in injury incidence in
the intervention group (14%) compared with the control
group (34%). From these data, an effect size of 0.58 was
estimated. Using a two by two contingency table, a sample
size of 26 was required for each group of this study. A non-
directional analysis, with an a level of 0.05 and 26 subjects
yields a power of 0.70. As the sample size of each group was
greater than 26, the power was improved. However, as this
investigation was a pilot study, the initial power calculation
was considered adequate and not recalculated. The relative
risk of sustaining a landing injury was calculated from the
number of landing injuries sustained by the intervention and
control groups. Independent t tests or Mann-Whitney U tests,
depending on the distribution of the data, were used to
compare the groups with respect to continuous variables. x2

analysis was used to test for association between categorical
variables and the study group. The level of significance was
set at p,0.05.

Cox proportional hazards regression was used to compare
the groups with respect to the following outcomes: (a)
injured during the season; (b) body contact injury; (c)
landing related injury. For the outcomes of body contact
and landing injuries, the players were considered to be an
injury case if the body contact or landing injury was the first
injury sustained during the season. All other cases were
censored. Uninjured players were considered censored, with
the point of censorship considered to be the end of the season
for all uninjured players and the time of first injury for those
who did not sustain a body contact injury (for the body
contact injury model) or landing injury (for the landing
injury model) as their first injury. Weeks to injury was
chosen as the time variable. For each model, the relative risk
(RR) and 95% confidence interval (95% CI) were calculated
for the intervention group relative to the control group.
Kaplan-Meier curves were used to provide a graphical
representation of the relation between study group and time
to the outcome of interest.

The agreement between skill raters was assessed using the
k statistic.

RESULTS
Participants
A total of 723 football players participated. There were 114
players in the intervention group and 609 in the control
group. There was no difference between the study groups
with respect to age, height, and weight (table 1).

Table 2 Comparison of win/loss ratios for intervention
and control teams

Total
wins

Total
losses

Win/loss
ratio 95% CI

Intervention 36 15 2.4 0 to 13.2
Control 76 84 0.9 0 to 4.7

Table 3 Score of landing skills for intervention and
control groups

Time
Mean (SD)
score 95% CI

Control group (n = 84)
Baseline 1.94 (0.66) 1.79 to 2.08
Mid-season 2.50 (0.96)* 2.29 to 2.7

Intervention group (n = 364)
Baseline 2.00 (0.64) 1.90 to 2.07
Mid-season 3.49 (0.9)* 3.40 to 3.59

*Significantly different from baseline (p = 0.001).
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Significant overlap between the 95% CIs for win/loss ratios
suggests no significant difference in the overall performance
between the intervention and control teams (table 2).

Evaluation of landing and fall ing skills
To assess inter-rater reliability, assessor ratings of each skill
at the post-intervention time point were compared using the
k statistic. The two independent raters showed moderate to
excellent agreement. k Statistics ranged from 0.41 (95% CI
0.20 to 0.63) for the prone fall skill to 0.96 (95% CI 0.88 to
1.00) for the shoulder roll.

There were no significant differences between the inter-
vention and control group for any of the skills at baseline (z
= 20.77, p = 0.39; table 3). Both groups improved from
baseline to mid-season, but the intervention group improved
significantly more than the control group (z = 27.92, p =
0.001; table 3).

Injury outcomes
Profile of injuries sustained
During the season, 396 injuries were sustained by 323 players.
Injuries were mainly to the lower limb (n = 236, 59.3%), and
the most common types of injury sustained were joint sprains
(n = 141, 35.3%), followed by muscle strains (n = 81, 21.5%).
The types of injury sustained were similar across the interven-
tion and control groups. For example, sprains comprised 35.8%
of control injuries compared with 34.8% in the intervention

group, and strains comprised 21.8% of the control injuries
compared with 21.2% in the intervention teams.

Table 4 shows a summary of mechanisms of injury, injury
severity, injury site, and availability for selection for each
group. Injuries sustained at training and competition and
severity of injury were similar between the groups. It is
evident that most injuries were sustained during competi-
tion. These data are comparable to those for senior football
and similar between intervention and control groups.

Comparison of injury outcomes in control and
intervention groups
The rates of injury for the control and intervention groups
were 38.51 (95% CI 34.04 to 42.98) and 26.33 (95% CI 18.28
to 34.38) injuries per 1000 hours respectively. Players in the
intervention group were significantly less likely (RR 0.72,
95% CI 0.52 to 0.98) to sustain an injury during the season
than the control group (fig 1). In particular, the time to
sustaining a landing injury was significantly less for the
intervention group (RR 0.40, 95% CI 0.17 to 0.92) compared
with the control group (fig 2). Although the RR of sustaining
a body contact injury was lower for the intervention group,
this was not significant (RR 0.79, 95% CI 0.47 to 1.34).
Figure 3 shows the relation between the probability of
completing the season body contact injury free and the study
group.

Table 4 Profile of injuries sustained by participants in the control and intervention groups

Control
(n = 330)

Intervention
(n = 66)

Injury site
Lower limb 199 (60.3%) 37 (56%)
Upper limb 62 (18.8%) 19 (29%)
Other 69 (20.9%) 10 (15%)

Injury mechanism
Contact 115 (34.6%) 30 (46%)

Non-contact 149 (45.1%) 24 (37%)
Overuse 66 (20.3%) 12 (17%)

Unavailable players each week due to injury* 5.5 (1.6) 3.7 (1.2)
Time to first injury (weeks)� 5 (4.4 to 5.5) 8.0 (6.4 to 8.7)
Injuries sustained at training/games (%) 12/88 12/88
Severity (weeks)* 2.1 (1.0) 2.1 (1.2)
Injury severity (% mild/moderate/severe) 46/22/32 46/19/35

*Values are mean (SD).
�Values are mean (95% confidence interval).
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Figure 1 Kaplan-Meier curve for time to sustaining an injury by trial
group.
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Figure 2 Kaplan-Meier curve for time to sustaining a landing injury by
trial group.
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There was no difference between the study groups with
respect to injury severity, as measured by the number of
weeks missed due to injury (z = 20.86, p = 0.39).
Similarly, the number of players unavailable for selection
each week was not different across the groups (z = 21.64, p
= 0.100).

DISCUSSION
Injury prevention at the junior level of football is warranted
because of social and economic implications of youth sports
injury.10 15 16 This is the first study to investigate a landing
training programme as an injury prevention strategy in elite
junior Australian football. It evaluated both the ability of the
intervention to improve landing skills and its effect on injury
incidence. The intervention resulted in a significant improve-
ment in player landing skills and was effective for preventing
injury, particularly landing related injuries.

Although both groups showed a significant improvement
in landing skills over the eight week time period, the
intervention teams improved significantly more than the
control group, indicating that landing and recovery skills can
be taught and that the intervention used in this study was
successful in doing so. Both groups improved from baseline
to mid-season (after the intervention), so it would appear
that natural skill acquisition occurs as a result of training and
football competition. However, the fact that the intervention
group improved significantly more infers that the interven-
tion taught the players landing skills beyond the natural
training progression. From this, it is reasonable to assume
that the difference in skills between the two groups was an
important factor in reducing injury rates.

Previous studies have investigated a skill based injury
prevention programme in soccer,12 but skill acquisition was
not evaluated. Therefore differences between groups may
have been the result of other factors such as training
techniques, baseline skill differences, or intrinsic player
factors not reported. Although multiple studies have shown
improvement in various variables as a result of specific
training, such as muscle reaction time and ground reaction
forces, and have hypothesised that improvement in these
factors may prevent injury, these training programmes have
not been evaluated to determine their effect on the incidence
of injury.11 17

Overall, players in the intervention group were signifi-
cantly more likely to complete the season injury-free than

those in the control group, a pattern noted across the full
season (fig 1), despite the intervention only being under-
taken during the preseason. In particular, the intervention
was most effective for preventing injuries related to landing
and falling, and the protective effect identified was probably
due to the acquisition of better landing skills. Landing and
recovery skills are fundamental to football, and safe execu-
tion of these skills appears to reduce injury. In contrast, there
was no significant reduction in body contact related injuries
in the intervention group, an area not targeted by the
exercises included in the intervention programme.

In Australian football, injury incidence is highest at the
beginning of the season, and a lack of match fitness has been
suggested as an explanation for the high number of injuries
in the first few games of a football season.18 19 Match fitness
does not refer to any one variable such as cardiovascular
fitness, but rather the combination of intensity, physical,
emotional, and psychological factors that contribute to a
player’s ability to compete at their optimal level. Potentially,
the intervention trialled, and its component skills, may have
resulted in improved preparedness of players for competition
through better landing strategies and basic skill performance.
The programme may have accelerated the acquisition of the
natural improvement seen in the control group, enabling
them to obtain a higher level of skill performance.

Limitations of this study
Although this study has shown that a preseason intervention
aimed at improving landing and falling skills can prevent
injury in Australian football, several limitations must be
acknowledged. Firstly, the criteria used to describe injury
severity are rarely consistent across studies.20 Injuries were
only recorded if they resulted in at least one missed game,
thus minor injuries were not recorded. Nevertheless, all
injuries meeting the definition were captured, and the
definition of injury used was consistent with previous elite
level studies.

Despite the high level of commitment expected at this
level, attendance at preseason training was not recorded and
may have affected the results.

Another limitation was the inability to collect training
exposure data. The possibility that differences across the
control and intervention groups with respect to training
participation may have impacted on injury risk and incidence
could not be eliminated. Given that training injuries were
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Figure 3 Kaplan-Meier curve for time to sustaining a body contact
injury by trial group.

What is already known on this topic

N Although it has been shown that it is possible to train
players in landing techniques and that physical training
programmes can prevent injury, no studies have been
conducted on Australian football populations where
the incidence of injury is high

What this study adds

N This controlled trial is the first to evaluate a landing
skills training programme as an injury prevention
strategy in Australian football

N The programme resulted in a significant improvement
in the performance of landing skills and a lower
incidence of injury, especially landing related injury,
when compared with a control group
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similar, and that, at this level of competition, training loads
can be expected to be similar, it seems likely that training
exposure would not have affected the outcomes of the study.

Finally, the intervention and control groups were not
randomised. There is the potential for self assignment bias.
Clubs volunteering for the study may be more eager than
others to take injury prevention measures (including carrying
out the landing and recovery programme) and therefore tend
to have less injuries or be more successful. Randomisation of
the clubs or within clubs—that is, half of the club’s players
allocated to each intervention arm—would have provided a
greater level of evidence of the effectiveness of the interven-
tion. However, comparison of the players in each arm
revealed no obvious biases despite the lack of randomisation.
The win/loss ratio was chosen as a surrogate marker of team
performance, and results for both the intervention and
control teams were compared and revealed no significant
differences. In addition, there were large subject numbers
and a prospective design.

CONCLUSIONS
This study has investigated an injury prevention strategy for
elite junior Australian football players and evaluated the
effect of the intervention on the incidence of injury. It found
that landing and falling ability can be taught to junior elite
Australian football players and that players in the interven-
tion group were protected against injury, particularly injuries
related to landing and falls. This type of intervention may be
appropriate for other sporting populations where injuries
related to landing and falls are common.
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. . . . . . . . . . . . . . COMMENTARY . . . . . . . . . . . . . .

The study presents some important information from two
perspectives. Specifically, a countermeasure has been inves-
tigated in a field setting and has been shown to be effective.
More generally, the study is an example of the type of
intervention studies that are needed to progress the overall
field of sports injury research. The study has a sound
epidemiological base and, although it contained some
methodological limitations, attempted to explore the impact
of interventions in a field or real world setting. The results of
the study may influence the coaching of junior elite
Australian rules footballers and also encourage more
researchers to implement field based intervention trials.
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